
ANALOG 
DEVICES 



Dual Matched High Performance 
Operational Amplifiers 



FEATURES 

• Excellent DC Input Specifications 

• Matched V os and CMRR 

• OP-14 Fits Standard 1458/1558 Sockets 

• Internally Compensated 

• tow Node 

• Low Drift 

• Low Cost 

• 0° C/ +70° C and -55°C/+ 125° C Models 

• Silicon Nitride Passivation 

• Models with M1L-STD-8B3 Class B Processing 

Available From Stock 

• Available in Die Form 



ORDERING INFORMATION 



PACKAGE 



T A = +25°C 

V 0S MAX CEftDiP CERDIP PLASTIC 

(mV) TO-100 S-PIN 14~P(N S-PIM 



OPERATING 
TEMPERATURE 
RANGE 



OP14AJ* OP04AK* QP14AT OP14AY* 



OP14EJ 
OP14J 



0J5 
0.7S 
2.0 
2.0 
2X) 
5,0 

5.0 OPUfJJ 



GP04K* 



OP14E2 

OPur 



OP04EY OP14EP 
GP04AY 



OP14CJ OP04CK OP14CZ OP04CY 



OP04BK 



OP14CP 
OP14CS 



OP14DP 



Ml 
COM 

Ml 
XiND 
XIND 

MIL 
XtND 



* For devices processed in total compliance to MH-ST0-883, add /8&3 after part 

number Consult factory for 883 datasheet, 
t Bum-in is available on commercial and industrial temperature range parts in 

CerDiP, plastic DIP* and TO-can packages. 



GENERAL DESCRIPTION 

The OP-04/OP-14seriesof dual general-purpose operational 
amplifiers provides significant improvements over industry- 
standard 747 and 1458/1558 (OP-14) types while maintaining 



OP-04/OP-14 



pin-for-pln compatibility, ease of application and low cost. 
Key specifications, such as V $ ^os* *B* CMRR, PSRR and 
A v o* are guaranteed over the full operating temperature 
range. Precision Monoiithlcs' exclusive Silicon-Nitride "Triple 
Passivation" process reduces "popcorn noise", A thermally- 
symmetrical input stage design provides low TCVo& TCIo& 
and insensitively to output load conditions. This series is ideal 
for upgrading existing designs where accuracy improve- 
ments are desired. For more stringent requirements, refer to 
the OP-200, OP-207, QP-22Q, or OP-221 dual-matched opera- 
tional amplifier data sheets. 

PIN CONNECTIONS 





14-PIN HERMETIC DIP 
(Y-Suffix) OP-04 



3-PIN HERMETIC DIP 
(Z-5uffix) OP-14 

EPOXV MINI-DIP 
(P-Suffix) OP-14 

8-PIN SO 
(S-Sufflx) OP-14 





TO-100 (K-Suffix) 
OP*04 



TO-99{J-Suffix) 
OP-14 




I 



OP-04/OP-14 

ABSOLUTE MAXIMUM RATINGS (Note 1) 



Supply Voltage , +22V 

Differential Input Voltage , ±30 V 

input Voltage Suppiy Voltage 

Output Shorl-Circuit Duration 4 _ indefinite 

Storage Temperature Range 

J, K, Y, and Z Packages -~65°C to *15C°C 

P Package -~65°Cto +12S°C 

Lead Temperature Range {Soldering, 60 sec) 300°C 

Operating Temperature Range 

A, Plain, B^Suffix , , „/, ~55*Cto +125*C 

E-Suffix , 0°Cto *70 C 

C, D-Suffix . ~4Q»C to +85°C 

Junction Temperature (T.) -65 a C to +150°C 



PACKAGE TYPE 


e iA (Note 2) 
- ^ 


e tc 


UNITS 


TO-99 (J) 


150 


18 


*c/w 


KMQCfK} 


142 


£1 


°C/W 


8-Pln Hermetic DIP (Z) 


148 


16 


°C,'W 


14-Pin Hermetic DIP (Y) 


109 


16 


°c/w 


8-Pin Plastic DIP (P) 


103 


43 


"C/W 


8-Pte SO (S) 


158 


43 


°c/w 



NOTES: 

1. Absolute maximum eatings apply to both DICE and packaged parts, unless 
otherwise noted. 

2. e jA & specified for worst case mounting conditions, i.e., e jA is specified tor 
device in socket for TO, CerOIP, and P-Q1P packages; e jA is specified for 
device soldered to printed circuit board for SO package. 



MATCHING CHARACTERISTICS at V s - ± 15V, T A = 25° C, unless otherwise noted. 



Common-Mode Rejection 
Ratio Mateh 



4CMRR « + 10V f R s < 100O 



54 106 - 





SYMBOL 


CONDfTIOMS 


OP-04A OP-04E 
OP-14A OP-14E 

MIN TYP MAX 


OP-04 OP-04C 
OP-14 OP-14C 

MIN TYP MAX 


UHiTS 


Input Offset Voltage 

Match 


^Vos 


R s <20kn 


— 0.3 1 


- 1 2 


roV 



94 106 - 



dB 



MATCHING CHARACTERISTICS at V. = ±1 5V, sT A s 4- 1 25 C C for OP-04A, OP-1 4A, OP-04 and OP-1 4, & C js T A s + 70°C 
for 0P-Q4E, OP-14E, -40*C sT.s +85°C for OP-04C and OP-14C, unless otherwise noted. 



PARAMETER 


SYMBOL 


CONDITIONS 


OP-04 A OP-04E 
OP-14A OP-14E 

MIN TYP MAX 


OP-04 OP-04C 
OP-14 OP-14C 

MIN TYP MAX 


UNITS 


Input Offset Voltage 
Match 




R s <20kfl 


— 0.5 1.5 


- 1.5 3 


mV 



Common-Mode Rejection 
Ratio Match 



ACMRR 



Vcm^^IOV, R s £100fl 



90 



100 — 



90 



dB 



ELECTRICAL CHARACTERISTICS {Each Amplifier) at V s = ±15V, T A = 25°C r tintess otherwise noted. 









OP-04A/OP-14A 


OP-04/OP-14 




OP-04* 






PARAMETER 


SYMBOL 


CONDITIONS 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


UNITS 


Input Offset Voltage 








0.3 


0.75 




1 


2 




3 


5 


mV 


Input Offset Current 


'os 






0.5 


5 




1 


5 




5 


as 


nA 


Input Bias Current 


! B 






16 


50 




20 


75 




30 


100 


nA 


Input Resistance — 
Differential-Mode 




(Note 3) 


2.0 


75 




1.35 


7 




1 


5 




Mil 


Input Vottage Range 


IVR 




±10 


±13 




±10 


±13 




±10 


±13 




V 


Common- Mode 
Rejection Ratio 


CMRR 


R s <20Kn 


35 


100 




80 


95 




70 


85 




dB 


Power Supply 
Rejection Ratio 


PSRR 


V$=±SVtO±20V 
R s £20kll 




10 


60 




30 


100 




100 


150 




Output Voltage Swing 




R L >2kO 


±12 


±13 




±12 


±13 




±12 


±13 




V 



-2- 



0P-04/0P-14 



ELECTRICAL CHARACTERISTICS {Each Amplifier) at V s ** ±15V, T A = 25* C, unless otherwise noted, (Continued) 









OP-04A/OP-14A 


OP-04/OP-14 




OP-04B 






PARAMETER 


SYMBOL 


CONDITIONS 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


UNITS 


Large-Signal 
Voltage Gain 


A VO 


R L £2N0 
V = ±1QV 


too 


250 




50 


200 




25 


200 


- 


V/mV 


Power Consumption 
(Note a) 


Pd 






50 


90 




50 


90 


- 


50 


90 


mW 


InpuiWotse Voltage 


*np-p 


0.1Hz to 1GHz 




0.65 






0.65 






ft Aft 






Input Noise Voltage 
Density 


*rt 


1q - IOHz 
f o =.100H* 


— 


25 
22 


— 


— 


25 
22 


— 


- 


25 
22 


- 


nvz/nF 




f = 100GHz 




21 


- 


- 


21 


- 




21 






input Noise Current 


'see 


0.1Hz to 10Hz 




t2J 






12.S 




- 


12.6 


- 


pAp. p 


input Hoiae Current 
Density 


<n 


f □ = 10Hz 
f = 100Hz 
f = 1000Hz 


- 


1.4 

0.7 
0.4 


- 


— 

- 


1.4 

0.7 
0.4 


— 

- 


- 


1 A 

OJ 
0.4 




pA/TaT 


Channel Separation 


CS 




100 






100 






80 


- 


- 


dB 


Slew Rate (Note 1} 


SR 


R^=2kH, 
C t = 100pF 


0.25 


0,5 




0.25 


0.5 




0,25 


0.5 






Large-Signal 
Bandwidth (Notes 1. 5} 




V o = 20Vp, p 


4 


a 




4 


6 




4 


6 




kHz 


Closed-Loop 
Bandwidth (Note 4) 


BW 


A VCL =+1.0 


1.0 


1.3 




1.0 


1.3 




1.0 


1.3 




MHz 


Risetime {Note 1} 


*r 


A v -+l f V w -50mVp_ p 
R t -2fcn, C t =50pF 




260 


360 




260 


350 




260 


350 


ns 


Overshoot {Note 1) 


OS 


Ay^+1, V, N = S0mV p „ p 
R L = 2kO, C L = 50pF 




5 


ID 




5 


10 




5 


10 


% 


ELECTRICAL CHARACTERISTICS {Each Amplifier) at V S = ±15V, 


-55° C < Xa< + 125°C, unless otherwise noted. 








OP-04A/OP-14A 


OP-04/OfM4 




OP-04B 






PARAMETER 


SYMBOL 


CONDITIONS 


MIN 


TYP 


MAX 


MEN 


TYP 


MAX 


MIN 


TYP 


MAX 


UNITS 


Input Offset Voltage 


Vqs 


R s £20kn 




0,4 


1.5 




' 1.2 


3 




3 


6 


mV 


Average Input Offset 
Voltage Drift (Note 1) 


TCVos 






2 


S 




4 


10 




e 


20 




Input Offset Current 








1 


10 




2 


10 




10 


50 


nA 


Average Input Offset 
Current Drift (Note 1) 








7.5 


120 




15 


250 




70 


500 


pATC 


Input Bias Current 


»B 






30 


60 




40 


100 




50 


200 


nA 


Input Voltage Range 


IVR 




±10 


±13 




±10 


±13 




±10 


±13 




V 


Common-Mode 
Reject ton Ratio 


CMRR 


v CM =±iov 
R 3 <20kn 


80 


100 




80 


95 




70 


85 




d8 


Power Supply 
Rejection Ratio 


PSRR 


V s = ±5VtO±20V 
R a <20ka 




10 


60 




30 


100 




100 


150 


AtV/V 


Large-Signal 
Vottage Gain 




R L ^2kn 
V ^±10V 


50 


100 




25 


60 




25 


60 




V/mV 


Output Voltage Swing 




R t &2kn 


±12 


±13 




±12 


±13 




±10 


±13 




V 



NOTES: 

1. Sample tested. 

2. Power dissipation per amplifier. 

3. Guaranteed by input bias current. 

4. Guaranteed by maximum risetime. 

5. Guaranteed by minimum slew rate. 
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0P-04/OP-14 



ELECTRICAL CHARACTERISTICS (Each Amplifier) at V s « ±15V, T A = 25° C F unless otherwise noted. 





SYMBOL 


CONDITIONS 


OP-04E/OIM4E 

MIN TYP MAX 


OP-04C/OIM4C 

MIN TYP MAX 


MIN 


OP-14D 

<TYp 


MAX 


UNITS 


Input Offset Voltage 


Vqs 


R s <20kfl 




0.3 


0J5 




1 


2 




3 


5 


mV 


Input Offset Current 


'os 






0.5 


5 


— 


1 


5 


— 


5 


25 


nA 


input Bias Current 


'e 




- 


ia 


SO 


- 


20 


75 




30 


100 


nA 


Input Resistance — 
DrfferenttmrWode 




(Note 3) 




7.5 




135 


7 




1 


5 




Mil 


input Voltage Range 


IVR 




±10 


±13 




±10 


±13 




±10 


±13 




V 


Common-Mode 
Rejection Ratio 


CMRR 


- « 

V CM ^±1QV 

R s <20kH 


85 


100 




80 


35 




70 


65 


— 


dB 


Power Supply 
Rejection Ratio 


P5RR 


V s = ±5Vto±20V 
R s <20kfl 




10 


60 




30 


100 




100 


150 


/*V/V 


Output Voltage Swing 


v 


R L >2kft 


±12 


±13 




±12 


±13 




±12 


±13 




V 


Large-Signal 
Voltage Gain 


Ayo 


s£ 2KH 

v =±iov 


100 


250 


- 


50 


200 


- 


25 


150 


- 


V/mV 


Power Consumption 
{Note 2) 


Pa 


V o -0V 




50 


90 


— 


50 


90 


- 


50 


90 


mW 


Input Noise Voltage 




U.1NZ to lOHZ 




0,65 












0.65 






Input Noise Voltage 
Density 


On 


1q — 10Hz 
f = 10GHz 
f = 1000Hz 


- 


25 
22 
21 


- 
- 


— 
_ 


25 
22 
21 


- 
- 


— 


25 
22 
21 




nW<</Hz~ 


Input Noise Current 


K y 


0.1 Hz to 10Hz 




12.fi 






19 ft 






12.8 




pAn.ii 


Input Noise Current 
Density 


'n 


f =10Hz 
f c - 100Hz 
f « 1000Hz 


_ 


1.4 
0.7 
0.4 


- 


- 


1.4 

7 
0.4 


- 


- 


1.4 

0.7 
0.4 


- 

— 




Channel Separation 


CS 




100 






100 






80 






dB 


Stew Rate (Note 1 ) 


SR 


R L = 2kft,C L = lOOpF 


0.26 


0.5 




0,25 


0.5 




0.25 


0.5 


- 


V/jiS 


Large-Signal 
Bandwidth (Notes 1, 5) 




V = 2C>V p 


4 


8 




4 


8 




4 


a 




kHz 


Closed-Loop 
Bandwidth (Note 4} 


SW 


A VOL 12+1 




1.3 




0,6 


1,3 




0.8 


1.3 




MHz 


ftisetime {Note 1 ) 


tr 


A v = +1, V, N = 50mV 
R L = 2kaC L = 50pF 




260 


350 




260 


350 




260 


350 


ns 


Overshoot {Note 1) 


OS 


A v = -H. V fN = 50mV 
R L ^2kn, C t -50pF 




S 


10 




5 


10 




5 


10 


% 



NOTES: 

t Sample tested, 

2. Power dissipation per amplifier. 

3. Guaranteed by input bias current. 

4. Guaranteed by maximum risetime. 

5. Guaranteed by minimum sFew rate. 



I 



0P-04/0P-14 


ELECTRICAL CHARACTERISTICS (Each Amplifier) at V Q = 


±15V t 0°C*T. 


* +70°C for E, -40X to +85° for C and D 


unless otherwise noted. 






























OP-04E/OIM4E 


OP-04C/OP-14C 




Ur»WU 






PARAMETER 


SYMBOL 


CONDITIONS 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


UNITS 




Vos 


R s <20kA 




0-4 


15 




1.2 


3 


„ 


3 


6 


mV 


Average input Off$et 

VnHflop Drift (Mote 11 


TCV os 


R s =son 





2 


e 




4 


10 


- 


a 


20 




Input Offset Current 






— 


1 


10 


— 


2 


10 




10 


50 


nA 


Average Input Offset 
Current Drift ( Note 1 5 


TCI as 







7.5 


120 





15 


250 




70 


500 


pA/*C 


input Bias Current 








30 


60 




40 


100 










Input Voltage Range 


IVR 




±10 


±13 




±10 


±13 




±10 


±13 






Common-Mode 


CMRR 


V^- ±10V 


80 


100 




80 


as 




70 


85 




dB 


Refection Ratio 


R s <20kn 








Power Supply 


P$RR 


V s = ±5V tO±20V 




10 


60 




30 


100 




100 


150 




Rejection Ratio 


R s <20kH 








Large-Signal 
Voftaga Gain 


A V0 


R L >2ka 

V o = ±10V 


50 


100 




25 


60 




15 


25 




V/mV 


Output Voltage Swing 




R L 2 2kfl 


±12 


±13 




±12 


±13 




±10 


±13 




V 



NOTES: 

1 Sample tested. 

1 

BURN-IN CIRCUIT {1/2 of OP-04, OF-14) OFFSET ADJUST CIRCUIT 




RN MUMBEflS ARE FOR "Y' r PACKAGE GNty. 



-5- 



I 



0P-04/0P-14 

DICE CHARACTERISTICS 




OP-14 



OP-04 



1. INVERTING INPUT (A) 

2. NONtNVEflTINQ INPUT (A) 

3. BALANCE <A) 

4. V- 

5. BALANCE (B\ 

«, NONlNVEftTlNG INPUT (B) 
T k INVERTING INPUT (B) 



B. BALANCE (B) 

g, V+ 

10, OUTPUT (B) 

11, V+ 

12, OUTPUT (A) 

1J. V+ 

14. BALANCE (A) 



NOTE: 9. 11 and 13 are internally connected. 



DIE SIZE 0.080 x 0.050 inch, 4000 sq. mite 
(2,03 x 127 mm, 2.58 sq. mm) 




1, INVERTING INPUT (A) 

2, NON INVERTING INPUT (A) 

3, BALANCE (A) 

4, V- 

5, BALANCE (B) 

0, NONINVERTINa INPUT <B) 
7, INVERTING INPUT {B) 



&. BALANCE {B> 
». V+ (B) 

10. OUTPUT (B) 

11. NO CONNECTIONS 

12. OUTPUT (A) 

13. V+ (A) 

14. BALANCE (A) 



WAFER TEST LIMITS at V s * ±1 5V, T A - +25*C t unless otherwise noted. 



PARAMETER 


SYMBOL 


CONDITIONS 


GP-G4N 
OP-14N 

LIMIT 


OP-14G 
LIMIT 


UNITS 


Input Offset Voltage 






0.75 


2 


mV MAX 


Input QfJset Voltage 
Match 




R £ <20kQ 


1 


2 


mVMAX 


Input Offset Current 






S 


S 


nA MAX 


Input Bias Current 








75 


nA MAX 


input Voltage Range 






±10 


±10 


VMIN 


Common-Mode 
Rejection Ratio 


cum 




85 


80 


d£ MIN 


Common-Mode Rejection 
Ratio Match 


ACMRR 


V CM = ±10V 


94 


94 


dBMIN 


Power Supply 
Rejection Ratio 


PSRR 


V s «±5Vto±20V 
R s <;20to 


60 


100 


uWV MAX 


Output Voltage Swing 


v o 


R L 2 lOkiJ 


±12 
±12 


±12 
±12 


VMIN 


Large- Scale 
Voltage Gain 


A vo 


v -±tov 


100 


50 


V/mVMiN 


Power Consumption 
(Both Amplifiers) 


p d 


V g .D 


170 


170 


mWMAX 


Channel Separation 


cs 




100 


100 


dBMIN 



MOTE: 

Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normai yield toss, yield after packaging is not guaranteed for 
standard prod urn alee. Consult factory to negotiate specifications based on dice lot. qualifications through sample lot assembly and testing. 



TYPICAL ELECTRICAL CHARACTERISTICS at V s * ±15V, T A * +25*C, unless otherwise noted 









OP-04N 


OP*04O 










0P-14N 


OP-14G 




PARAMETER 


SYMBOL 


CONDITIONS 


LIMIT 


limit 


UNITS 


ftisstime 




Ay.+I.V^SOmV, 
R L = 2kQ, C t = 50pF 


200 


200 


ns 


Overshoot 


OS 


A y = +1 ( V tN = 50mV F 
\ = 2Ml t C L * 5QpF 


s 


5 


% 


Slew Rata 


sn 


R L = 2k« r C L * 100pF 


0.25 


0.25 


V/fiS 
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TYPICAL PERFORMANCE CHARACTERISTICS (Each Amplifier) 



0P-04/0P-14 



OPEN-LOOP OAIN 
vs TEMPERATURE 



750 
















I I " 
















- V 


5 = * 


i»v - 


200" 










































150 
100 




























































1 






















SD 





















































































+20 +ffl +100 
TEMre«ATUIIFfCI 



1» 



OPEN-LOOP 
FREQUENCY RESPONSE 











































25'C 





















































































0.1 1.C 10 tOO 1k 10k 100k 1M 10M 
FREQUENCY {Hz) 



CLOSED-LOOP RESPONSE 

* FOR VARIOUS 
GAIN CONFIGURATIONS 



fe «o 









! 


1 

Vs = ±1SV 





























































Ik 10*. 100k 
FREQUENCY (BjS 



MAXIMUM UNDISTORTEP 
OUTPUT VS FREQUENCY 




10 100 
FREQUENCY IkKil 



OUTPUT VOLTAGE vs 
LOAD RESISTANCE 




0,1 10 

LOAD RESISTANCE TO GROUND (kty 



UJ 

EC 

5" 



0,1 



INPUT RESISTANCE 
vs TEMPERATURE 



-20 +20 +60 +100 +1*0 



1 

c 
1 

I 

ffi 10 



POWER CONSUMPTION 
vs POWER SUPPLY 



















™ m Ta * ZfPC - 

















































































































































































































































































































































20 40 i 

TOTAL SUPPLY VOkTACS, V+ TO V- (VOLTS) 



2 



POWER CONSUMPTION 
vs TEMPERATURE 





1 

Vs - ±15 
1 


t 

V 
















OP-C 
OP-' 


4A 
4A 










































. 

\e 


M4 


E 

i 



















































-20 +20 +100 
TEMPERATURE TCt 



OUTPUT SHORT-CIRCUIT 
CURRENT vs TIME 



! 
i- 

m 30 
X 

AC 

a 
b 

£ 26 



I 1 

Ta « 25°C 
Vs*±16V 



(D VlNiPtM 3J = +1QroV, Vo - -1SV 




12 3 4 

TIME FROM OUTPUT BEING SHOftTED (MINUTES) 



-7_ 



I 



QP-04/QP-14 

TYPICAL PERFORMANCE CHARACTERISTICS (Each Amplifier) 



UNTRIMMED OFFSET VOLTAGE 
vs TEMPERATURE 



1^0 

1.25 

CLTS 
0.25 



i i 1 






















































































: OP 


-04 _ 

,H - 














- OP 
















































\ o 


»14C 


















~ 01 



































































































OP-04A 






















_ a 


P-04E 
P-14S! — 


GP- 


14A j 




































H 










































































INPUT OFFSET CURRENT 
vs TEMPERATURE 




INPUT BIAS CURRENT 
vs TEMPERATURE 



< 

^50 









































































































































OP- 




















14C 


























OP 

K Of 


-ME 
f4E 


\" 










































0P-04A/OP 14A 



20 +20 +60 +10C 
TEMPERATURE 



— 2£l +20 +OT +100 
TEMPERATURE <°Cf 



20 +M +$G +t00 
TEMPERATURE f CJ 



OPEN-LOOP GAIN vs 
POWER SUPPLY VOLTAGE 





i 

«t = 10k 























































































































































































±5 *10 ilft 

POWER SUPPLY (VOLTS) 



±20 



PSRR vs FREQUENCY 




CMRR vs FREQUENCY 



100 Ik tflk 




100 tit ioic 

FREQUENCY £Hi) 



INPUT WIDEBAND NOISE vs 
INPUT SPOT NOISE INPUT SPOT NOISE BANDWIDTH {0,1 Hz TO 

VOLTAGE vs FREQUENCY CURRENT vs FREQUENCY FREQUENCY INDICATED) 




FREQUENCY f»e) FREQUENCY iH*} BANDWIDTH (kHi) 



